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This work was carried out within the framework of the state task of research in the FSC of Agroecology
RAS FNFE-2024-0009 "Desertification of territories of arid, subarid and dry subhumid regions, mapping of
the current state and dynamics of land desertification, modeling and forecasting of desertification
pro-cesses, for planning the restoration of degraded lands using geoinformation technologies and
aerospacemethods in conditions of increasing droughts, sand and dust storms"

Summary
The article presents an analysis of the relationship of climatic data with the dynamics of the areas of open
sand massifs identified using remote sensing data in the south of the Astrakhan Volga region over the last
decade (2014-2023).
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HAYKA H BBICIIEE TPOPECCHOHAABHOE OBPA30BAHHE
Abstract

Introduction. Throughout the entire territory of the Caspian lowland, including the Astrakhan Trans-Volga
region, in recent years there has been an increase in the frequency and intensification of dust storms, while
winds reaching deflation-dangerous speeds also lead to an increase in the areas occupied by open sands.
The aim of the work was to study the dynamics of the areas of open sands for 2014-2023 and the influence
of climatic factors (precipitation and wind conditions) on it. Object. The study was conducted on the territory
of the Kharabalinsky and Krasnoyarsk districts of the Astrakhan region (south of the Astrakhan Volga re-
gion). The territory is characterized by a flat relief and belongs to the dry-steppe and semi-desert natural
zones. Materials and methods. Mapping was carried out on the basis of visual interpretation of satellite
images "Landsat-8, 9" (in "natural colors" and with the addition of IR) for the end of August and beginning of
September. Data on wind conditions, dust storms and annual precipitation amounts from weather stations in
Dosang and Kharabali were used. "QGIS" and "MS Excel" were used for processing raster, vector and sta-
tistical data. Results and conclusions. According to the results of decryption, a total of 524 thousand hec-
tares of open sands were identified for the entire period of the study (more than 160 thousand objects). The
largest areas of open sands were identified in 2020, the smallest — in 2023. A strong positive relationship
between the area of sand massifs and climatic factors (critical wind speeds and dust storms) was revealed.
The reduction of the visible deciphered area of sands is associated with the growth of psammophytes,
mainly annual. The results of the study are applicable in further studies of desertification in the Astrakhan
region and adjacent regions, as well as in the development of reclamation measures.
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YOK 631.47 .
MHOTIONETHAA OAMHAMUKA NMNMOLWALOEN OTKPbITbIX MECKOB B ACTPAXAHCKOM
3ABOJTXbE MO AAHHbIM ANCTAHLUMOHHOIO 30HANPOBAHUA

HopoueHko B. B., mradwul Hay4HbIl compyOHUK
MenuxoBa A. B., rabopaHm-uccriedosamerib

OIrBHY «®edeparibHbil Hay4YHbIU YeHmp a2po3KoIo2uu, KOMIIIEKCHbIX Meuopayul u 3auumHo20
necopassedeHus Poccutickoli akademuu HayK»
2. Bonzoepad, Poccutickass ®edepayusi

UccnedoesaHusi npoeedeHbl 8 pamkax 20cydapcmeeHHo20 3adaHusi ®HL| azpoakonozuu PAH HUP
FNFE-2024-0009 «OnycmbiHueaHue meppumopuli apudHbIx, cy6apulHbIX U cyxux cy62yMuOHbIX
peauoHoe, kapmozpaghupoeaHue CO8PEMEHHO20 COCMOSIHUSI U OUHaMUKU OnycMmbIHU8aHUsI 3eMeJlb,
ModenupoeaHue U NPo2HO3UpoeaHue NPoyeccoe onycmuiHUeaHusl, O51s1 naaHuUpoeaHusi
eoccmaHoesieHus1 dezpadupoeaHHbIX 3eMeslb C MpUMeHeHUeM 2e0UHOPMayUOHHbLIX MexHoso2uli u
aspPoKOCMUYEeCKUX Memodoe 6 yCr108uUsiX yCUIUu8aroUuUXcsl 3acyX, necyaHbIX U MblbHbIX 6Ypb»

AkTyanbHocTb. Ha Bcen Tepputopun MNpukacnninckom HU3MEHHOCTU, BKoYast AcTpaxaHckoe 3a-
BOSKbE, B MOcCnegHue rogbl OTMeYaeTcs yyalleHne 1 MHTeHcudmkaums nbifbHbIX 6ypb, NPY 3TOM K POCTY
nnowagen, 3aHAaTbIX OTKPbITbIMU NecKkaMuy, Takke NpuBOAAT BeTpa, AoCTuranwwme ednsaumMoHHO-0MacHbIX
ckopocTen. Llenbto paboTbl ABNSNOCH U3yvyeHne gUHaAMUKK nnowanen oTkpbITbix neckoB 3a 2014-2023 Ir. u
BMUSIHWSA Ha Hee KnumaTuyeckmx pakTopoB (0cagkoB U BETPOBOro pexuma). O6bekT. ViccnegosaHme npo-
BOAMIOCh Ha TeppuTopun XapabanuHckoro n KpacHosipckoro panoHoB AcTpaxaHckow obnactu (tor Actpa-
XaHcKkoro 3aBormkbsl). Tepputopus xapakTepusyeTcsl paBHUHHBIM penbedoM N OTHOCUTCS K CYXOCTEMHON 1
nonynycTbIHHON NpUpoAHbLIM 30HaM. MaTtepuanbl u metoabl. KapTorpadupoBaHMe NpoBOAMIOCE HA OCHO-
BE BM3yarnbHOro AelmdpupoBaHns CNYTHUKOBBIX CHUMKOB «Landsat-8, 9» (B «eCcTeCTBEHHbIX LBETax» u C
pobaenexvem VK) 3a koHel aBrycta u Ha4ano ceHTabps. Micnonb3oBanuch gaHHbIE O BETPOBOM peXUME,
NbINbHbIX OypsiX U roOAOBbIX CyMMax OCaKOB C MeTeocTaHuui B n. [locaHr v . Xapabanu. [ns obpaboTtku
pacTpOBbIX, BEKTOPHbIX Y CTaTUCTUYECKUX AaHHbIX ucnomnb3osanunck «QGIS» n «MS Excely». Pe3ynbtaTthbl n
BbIBoAbI. 10 pe3ynsratam AewndprpoBaHns BbISIBIEHO CyMMapHO 524 ThIC. ra OTKPbITbIX MECKOB 3a BECb
nepuog nccnenosaHus (6onee 160 Thic. 06bekTOB). Hanbonblume nnowaam OTKpbITbIX NECKOB BbISIBMEHbI B
2020 r., HaumeHbLme — B 2023 1. BhisiBNeHa cunbHas noroxuTernbHas cBA3b Nnowanu nec4aHbIX MaccMBoB
C KnuMaTuyeckummn chaktopamu (KpUTUYECKUMWU CKOPOCTAMU BETPOB U MblNbHbIMU Bypsamun). CokpalleHue
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BMOMMON Aelmdprpyemoit NnoLaamn neckos CBsA3aHO C POCTOM NCaMMOMUTOB, NPENMYLLIECTBEHHO, OfHO-
netHux. PesynsTaTbl MCCneqoBaHus NPUMEHUMBbI NP AanbHeNWMX UCCNeaoBaHNAX ONyCTbiHUBaHNA B ACT-
paxaHCKoW 06nacTh 1 CMEXHbIX PErMoHax, a TaKkke npu paspaboTke MenMopaTUBHbLIX MEPOMNPUATUN.

Knrovesnie cnosa: OMKpPbIMble T1eCKU, MNbliibHble 6prI, rnec4yaHble mMaccusebl, ornycmbiHU8aHue,
ducmaHyuoHHoe 30H6upoeaHue 3eMerib.

LUutnposanume. [JopoweHko B. B., Menuxosa A. B. MHoroneTtHss gMHammnka nnowanen oTKPbITbIX NECKOB B
AcTpaxaHckoMm 3aBofmKbe Mo AaHHbIM AUCTaHLMOHHOIO 30HAUpoBaHus. M3secmus HB AYK. 2024. 1(73).
135-143. DOI: 10.32786/2071-9485-2024-01-14.

ABTOpCKVIﬁ BKnaa. Bce aBTOpbI HacTodALllero uccrnegoBaHnAa npuHUManun HenocpeacrtBeHHoe yqacwle B NiaHMpoBaHUK,
BbINONMHEHUN UKW aHanuM3e AaHHOro unccrenoBaHUA. Bce aBTOpPbI HaCTOFlLLl,eVI CTaTby O3HAKOMUIIUCb C npeacTaBiieHHbIM
OKOHYaTeNbHbIM BapyaHTOM U OJJ,O6pMJ'IM ero.

KoHdnukT nHtepecos. ABTOpbI 3a8BNAOT 06 OTCYTCTBUM KOHAIMKTA NHTEPECOB.

BeeaeHue. B cyxocTenHon u NonynycTblIHHOW 30HaX, K KOTOPbIM OTHOCUTCA AcTpaxaH-
ckoe 3aBOrKbe, NMOCNEACTBUS MbifbHBIX Oypb, MpoaBnsowMecs B (HOPMUPOBAHMU NECHAHbIX
MacCUBOB 1 BbiAyBaHWUM NOYB C NErK1UM rpaHyroMeTpuyeckuMm COCTaBoOM, SIBMSIKOTCA TpyaHoobpa-
TUMbIMKU. [TOMMMO BO3pacTalLlen apuamsaumm KnuMara, Ha Bcen NpukacrnmMmnckon HU3MEHHOCTU
OTMeYaeTcs yBenuyeHne 4acTtoTbl U MIHTEHCUBHOCTY NblfbHbIX Oypb [3, 7, 13]. BoisBneHue B3au-
MOCBSI3U KIMMaTU4ecKnx hakTopoB U AMHaMUKKU NnoLuagen OTKPbITbIX MEeCKOB B apuaHbIX pervo-
Hax B YCIOBWUSIX UHTEHCMBHOW aHTPOMOreHHON Harpy3ku ABnseTca akTyanbHON 3agadven, B CBA3U
C YeM CyLLeCcTBYeT NOTPEBOHOCTbL B METOAMKE AOCTOBEPHOIO 1 ONEPATUBHOIO BbIIBNEHUSA N3MEHe-
HUIM NAowaaen n KoOHUrypaumm necdaHbiXx MacCUBOB B PasfiMYHbIX KIMMaTUYEeCKnX ycriosusax. B
Oonbllen mepe HayyHble paboThbl, Kacawwmecs ceBepo-3anagHoro [lpukacnusi, oxBaTbiBaOT
nmwe npasobepexbe Bonru; Hamu paccmaTpmBaeTcs HoXKHasi YacTb neBobepexbs (KpacHosp-
CKMI N XapabanuHckuii panoHbl ACTpaxaHCkon obnacTtm).

Llenb nccrnegoBaHus 3akntoyanach B OUeHKe AMHaMUKU nrowanen OTKpbITbIX NecKoB 3a
nocrieqHee OeCATUNETUE U BbISBIIEHNN B3aUMOCBS3N C KNMMaTtu4eckumm oaktopamu (BETpOBbIM
PEXMMOM 1 aTMOCEPHBIMIN OCagKaMu).

MaTepuanbl n metoabl. KOxxHOe AcTpaxaHckoe 3aBOrmKbe, SABNSIOLIEECH TeppuTopuen
nccnegoBaHus, OTHoCUTCS K MpUKacnMNCKON HU3MEHHOCTU U MMEET COOTBETCTBYIOLLMIN AaHHOMY
pernoHy penbed — npeacrasnsiet cobor NoNoryo paBHUHY C 3aMETHbIM YKITOHOM K Kacnuickomy
mMopto (0T 3 40 — 24 MeTpOB Haf YPOBHEM MOPS); 3HAYMTENbHAA 4YacTb M3y4aemMon TeppuTopmm
NexuT Hxe ypoBHS mMopsa [9]. Takon penbed B COBOKYMNHOCTU C LUMPOKMM pacrnpocTpaHeHnem
HW3KOPOCIION (TPaBAHUCTOM U KYCTapPHUKOBOW) pacTUTENBHOCTM He CMOCOOEH 3aaepxmBaTb BET-
poOBblEe MOTOKM, YTO CMOCOOCTBYET POPMMUPOBAHMIO MblfbHBIX Bypb [6, 8]. NMomMMMo npoueccoB
ONYCTbIHMBAHMWSA, HAa AaHHON TEPPUTOPUUN TakkKe LLUMPOKO pacnpoCTpaHEHO 3acofeHne B CBA3U C
TpaHcrpeccuamu Kacnuimckoro mMopsi B reoriorm4eckom MpoLUIOM, YTO MPOSIBASIETCA B pacnpo-
CTpaHeHMM HeBONbLUMX CONEHbIX 03ep M COPOBbLIX MOHWXEeHU [4]. AODMUHUCTPATUBHO paccmar-
puBaemMasi TeppuTopus oxBaTbiBaeT XapabanuHckuin n KpacHosipCkuMiA MyHUUMNAanbHbIE pafioHbI
AcTpaxaHckon obnacTtu, KoTopble rpaHmnyat ¢ Pecnybnukon KasaxcTaH, roe Toxe Habnogatotes
HeraTMBHble NOCNeaCcTBUA NbifbHbIX Oypb [11].

B kayecTBe ncxogHoro Mmatepuana ans gewmndpuposaHns 6binm BelbpaHbl KOCMUYeckue
cHuMmKn «Landsat-8, 9» ¢ npocTpaHcTBeHHbIM paspelueHnem 30 M. pu 3TOM MUHMMASbHBIN
pa3mep obbeKTa OrpaHUYeH paspeLleHneM KOCMUYECKOro CHMMKa (pa3MepoM MUKCENs Ha MecCT-
HocTh) n coctaenset 0,09 ra, 4To JOCTATOMHO ANS AelndpUpPOBaHUA gaxke HeOONbLUMX Ovaros
OnNyCTbIHMBAHNA UM CHOPMUPOBABLUNXCS B MOHMXKEHUSX NecyaHblx HaHocos [3]. Oewundpupo-
BaHMe NPOBOAMIIOCH BU3yaribHbIM CNOCOOOM C MocnenylLle KOPPEKTUPOBKON NO pe3ynsrataM
nonesow Bepudmkaumnn. cnons3oBanmcb CNYTHUKOBLIE CHUMKW 3@ KOHeL, aBrycta u Hayano ceH-
TAOPA Kaxgoro roga (C y4eTom MOBTOPSIEMOCTM CbEMKM M 0ONa4vyHOro MoKpoBa) B KOMOGMHaLMK
«ECTEeCTBEHHbIE LIBETA» N UCKYCCTBEHHOM KOMOMHauun ¢ nobasneHvem VK-kaHana ans yTouHe-
HUWS rpaHnL, NecYaHbiX MaccusoB (pucyHok 1) [10].

Mpu gewndpupoBaHnm y4nTbiBanMCb paHee noryYyeHHble AaHHble O NPOCTPaHCTBEHHOM
pacnpegeneHnn CopoBbIX MOHWKEHUA Ha TEPPUTOPUN MUCCeaoBaHWs], YTOObI UCKIHOYMTL UCKa-
XEHMS1 B MOMNyYEeHHbIX AaHHbIX O MNOLWaAsX M NPOCTPaHCTBEHHOM pacrnpefeneHun necyaHblx
maccueoB [4]. duddepeHumaumnsa COpoBbIX MOHWKEHUIN U OTKPbITbIX NECKOB NPEACTaBMSAET CNOX-
HYI0 3agadvy npuv NpUMEHEeHWW MNonyaBTOMaTUYECKUX METOAOB AelndpupoBaHUS, MOCKOSLKY
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crekTparnbHble XapaKTepPUCTMKM 3aCOMEeHHbIX YY4aCcTKOB M Y4YacTKOB, 3aHATbIX MeCKamu, CXOXMW;
npyv Bu3yanbHOM AelnpupoBaHnn pasnnyunTb COpbl U MECKU MpoLLe, NMOCKOMbKY CTPyKTypa u
OTTEHOK n306pakeHns pasnuyHbl — Neckn 0bnagatoT KenToBaTbiM OTTEHKOM U MeHee OgHOpoa-
HOWN CTPYKTYPOW, a Takke MeHee YeTKMMU rpaHuuamu [1, 2].

PucyHok 1 — Mpumep AMHaMKKK MOLWaAM NecyYaHbIX MacCUBOB 3a M3yvaeMmblin nepuog (I — KoHTyp maccu-
BOB OTKpbITbIX neckoB; pparmeHT KC «Landsat-8», KpacHospckuin paroH, 47.0012° c.w., 48.6638° B.4.)
Figure 1 — An example of the dynamics of the area of sand massifs during the study period (I — contour of
open sand massifs; fragment of the Sl "Landsat-8", Krasnoyarsk region, 47.0012° n.l., 48.6638 ° e.l.)
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[aHHble 0 rogoBbIX CyMMax OCadKOB, CKOPOCTHAX BETpa W MblfibHbIX Oypsix Obinn nonyde-
Hbl ¢ canTa «[loroga n knumat» (http://www.pogodaiklimat.ru/). icnonb3oBaHbl JaHHbIE ANA Me-
TeocTaHumii B n. JocaHr (KpacHosipckui panoH) u r. Xapabanu (XapabanuHckuii panoH), Haxo-
ASLNXCS Ha TeppuTopun nccnegosaHus. MNbinbHble Bypn onpeaenstoTcs No HamMumMio OTMETKM
«MblnbHasa 6ypsa» B pasgene «llorogHble ABNEHWA»; MO AaHHbIM O CpefdHen CKOpPOCTU BeTpa B
CYTKM OTMeYeHbl OHW, Korga OOCTUranucb Kputudeckme ckopoctu BeTpa (7 M/c), NnpuHATbIE 3a
TOYKy Havyana gednsaumm Ha nerkmx nodsax. Cymmbl 0CagkoB ObinM paccyuTaHbl Kak cpegHee
Anst gaHHbIX No obenm meTeocTaHumam. Ha tepputopumn AcTpaxaHckoro 3aBOrmKbs SpKO Bbipa-
eHa KOHTMHEHTAanbHOCTb KnMMmarta ¢ HebOonbLUMM KOMMYECTBOM OCaOKOB, 3HAUYUTENbHbIMU Ce-
30HHbIMUK KonebaHnsMu Temnepatyp [5, 12].

lMoarotoBka marepuanoB KOCMUYECKOMW CbeMKU OMs BU3yanbHOro AelumngpupoBaHugd, a
Takke NoAcyeTbl MPOCTPAHCTBEHHbIX XapakTepUCTUK NPOBOAUNUCE B reovHdopmaumoHHom MO
«QGIS». Ctatuctuyeckasa obpaboTtka pesynsratoB AelnpUpPOBaHnS U KNMMaTUYECKMX OaHHbIX
nposogunack B MS «Excel».

Pe3ynbratbl  obcyxaeHue. [lpoBeaeHHoe OelnprMpoBaHMe matepuanoB KOCMUYe-
CKOWN CbEeMKM 3a OeCATUNETHUIA Nepuo NO3BONUIO BbIABUTL NOYTU 167 ThiC. NeCYaHbIX MacCUBOB
o6wen nnowaaeto 523,8 Teic. ra. KonnyectseHHble pe3ynstathl AelUnpupoBaHns npuseaeHbl B
Tabnuue 1.

Bcero 3a nepuoa nccrnegoBaHus Mo AaHHbIM canTa «lloroga v knuMaTy 3apermcTpupoBa-
HO 122 OHS1 C KPUTMYECKOM CKOPOCTLIO BETPA, U3 HUX 48 OHEN C OTMETKOM «MbinbHas bypsa» (12
NbifbHbIX Oypb ANUTENBHOCTLIO OT 1 A0 4 gHen). Heobxoaumo oTMeTUTb, YTo B aBrycte 2022 r.
Npy NPOXOXAEHUN YETbIpEXOHEBHOW MNbiNbHOM Bypy Ha MeTeocTaHumm B . [locaHr Ob1no oTmevye-
HO TONbKO 2 AHA CO CKOPOCTSIMW BETpa, npeBbiwarowmmmn 7 M/c. Mpn aTom Koppenaumsa mexgy
KONMYECTBOM AHEN C KPUTUYECKOW CKOPOCTbIO BETPA WU BbIABEHHOW NO pe3synbrataM gewwmdpu-
poBaHUA NnoLaapo OTKPbIThIX NeckoB cocTasndeT 0,74 (BblcoKas NONOXUTENbHas Koppenaums),
a Koppenauusa mexagy KonumiyecTBOM OHEeW C OTMETKOWM «MbinbHas Oypsa» v nnowiagbio NeckoB —
0,78 (BbiCOKasi NoNOXMTENbHas Koppensaums).

Tabnuua 1 — KonnyecTBeHHbIe pe3ynbTaThl AelMdPUPOBaHUS OTKPbITLIX MECKOB
N aHanmsa KnMMaTuyeckmx AaHHbIX
Table 1 — Quantitative results of decryption of open sands and analysis of climate data
log ncenepo-
BaHus / Year of | 2014 2015 2016 | 2017 | 2018 | 2019 | 2020 | 2021 2022 2023
Study
Mnowapgb oT-
KpbITbIX NECKOB,
Tbic. ra / Area of
open sands,
thousand hec-
tares
Kon-Bo obbek-
ToB / Number of | 14945 | 10149 | 6851 |20056 |18862 |17506 |22220 |20979 | 18247 (17365
objects
CpegHsaga nno-
waab obbekTa,
ra / Average 4,8 8,3 4,8 1,2 1,1 2,3 4,0 4,1 4,6 0,9
area of the
object, hectares
Kon-Bo gHeli ¢
KpUTU4EeCKom
CKOPOCTbIO
BeTpa / Number 15 15 7 8 14 4 21 11 19 10
of Days with
Critical Wind
Speed
Kon-Bo aHen ¢
NbINbHBIMY
oypsmu / Num- 6 6 - 2 6 1 6 1" 7 -
ber of days with
dust storms

711 83,8 32,8 239 | 20,3 17,1 89,8 85,7 84,5 14,8
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Mpu cokpalleHun nroLuanen oTkpbITbiX neckoB (2017-2019 rr.) HabnogaeTcs pocT Konuye-
CcTBa OGLEKTOB U YMEHbLLUEHME UX CpedHelr nrollaan, YTo cBuaeTensCcTByeT O AuddepeHLmaumm
KpYMHbIX MaccvBOB Ha Boree Mernkue npy pacnpocTpaHeHUn pacTutensHocTU. B ganbHenwem nog
[AeVCTBUEM BETPOB BO3pacTaeT U KONMMYECTBO OOLEKTOB, U UX CPeaHSs Ninowaib, YTo MOXET cBuae-
TENLCTBOBATbL O Pa3BeBaHWMU CYLLECTBYIOLMX HA TOT MOMEHT o4aroB OnycTbiHMBaHuA [3]. B 2023 .
3aperncTpmMpoBaHa HauMeHbluas Nnowadb OTKPbITbIX MECKOB, YTO CBA3aHO C OTCYTCTBUMEM B 3TOM
rogy NbinbHbIX Bypb (MO COCTOSHMIO Ha HOSGPb 2023 T.), KOHUEHTPaUMen OHEN C KPUTUHECKUMIN CKO-
poCTAMUM BETPA B NO3OHEBECEHHUI NepUoa N CHUXKEHNEM CPeaHECYTOUHbIX CKOPOCTEWN BeTpa B CyXou
NeTHU Nepuog, a Takke JoCTaTouHbIM yBrnaxxHeHneM B 2022 n 2023 r. (pucyHok 2). CHKeHWe Konu-
YyecTBa [HeW, KOorga CKOpOCTM BeTpa Adocturany AednsiuyoHHO-ONacHOM OTMETKW, U perynsipHoe
yBMaXHeHNe CcrocobCTBYET NPOPaCTaHUI0 CEMSIH TPaBAHUCTLIX pacTeHUI, NPUHECEHHbIX C BETPOM B
npegblayLiem rogy. Kak npaBuno, aTo 0gHONETHMKM (Hanpumep, consHka copHas (Salsola tragus L.),
nacneH poratbin (Solanum comutum Lam.) n T.4.), KOTOpblE HE CMOCOOCTBYIOT HAcTOsILLEMY 3apac-
TaHUIO MECKOB M MPeaCTaBnsioT Manylo LEHHOCTb B XO3SNCTBEHHOM OTHOLLEHWMW, HO BU3yanbHO CO-
KpaLLatoT AeLindpmpyemMyto no KOCMUYECKMM CHUMKaM MoLLaab OTKPbITbIX NECKOB. [Mpu oTMUpaHuu
OHM cOpacbkiBalOT CEMeHa, KOTopble B CrieaytoLLeM roy NoBbICAT pacrpoCTpaHeHWe pacTeHun 1 co-
KpaTaT gewmdpupyemyto nnowaab neckoB. HecMoTpst HA NPaKTUYECKM MOCTOSIHHOE BETPOBOE BO3-
OENCTBME Ha OTKPbITbIE NECKW, Nop AEWCTBUMEM MbifbHbIX Oypb MMOLWAAM MacCUMBOB M3MEHSAOTCS
PE3KO 1 COXpaHAOTCA NpUbnNmnanTensHO Ha OOHOM YPOBHE B TEHYEHUE HECKONbKUX MneT nogpsd. Tak, B
2016 . OTMEYEHO 7 OHEN C KPUTUYECKMMM CKOPOCTSIMU BETPOB, HE OTMEYanuchb MbifbHblE Oypu, a
rogoBasi cymma ocagkoB Obina Gonblue, YeM B npeapigyLime rofdbl, YTO MPUBENO K COKpaLLEHWO
nnowiagen neckos B 2,5 pasa, npuyeMm npubnusutensHO NponopumMoHansHO B 000MX panoHax uc-
CneaoBaHns, HECMOTPS! Ha TO, YTO TeppuTopus KpacHOSpCKOro paioHa B GorblUer cTeneHn nog-
BEpXXeHa BNUAHMIO MNblfIbHbIX Bypb 1 0O6pa3oBaHUI0 TOHKUX CII0EB NeCHaHbIX HAHOCOB Ha 3HaYUTErb-
HbIX TeppuTopusx; B 2017 rogy Obino oTMeYeHo BCero Aga AHA ¢ NbinbHoW Oypen n 8 aHen ¢ pedns-
LMOHHO-0OMacHbIMK BeTpamu. B 2020 peskoMy pocTy ninolaaen neckoB crnocobceTBoBana ABYXAHEB-
Has MbinbHas Byps, 3aperncTprpoBaHHasi B MapTe, Koraa NPOEKTMBHOE MOKPbITUE TPaBSHUCTOW pac-
TUTENLHOCTU Mano, Npuyem npeasapsn aty 6ypto 1 eHb C KPUTMHECKON CKOPOCTLIO BETPA, a Takke
B 9TOM rogy 3aperycTpupoBaHO HauMeHbLLIEE 3a BECb Neprog UCCNeaoBaHUs] KOMMYECTBO OCaOKOB.
B 2021 n 2022 r. Takne BbICOKME MIOLaan NOgAEPKMBanMCb paHHEBECEHHNMN CUINbHBIMK BETPaMM
n Oypsimu (MapT 1 Hayano anpens), a Takke B 2022 r. Gbina 3aperycTpmMpoBaHa NpoaoIPKUTENbLHAS
necyaHas Oyps B aBrycte (4 gHs noapsia), T.e. HEMOCPeACTBEHHO Nepen AaTON CbEMKU.
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PucyHok 2 — lNMnowaam oTKpbIThIX NECKOB 3a nccnegyembivi nepuog (I — Ha TeppuTopumn XapabanmHcKoro
parioHa, Il — Ha TeppuTopun KpacHosipckoro parioHa) n rogoBble cymmbl ocagkos (l11)

Figure 2 — Areas of open sands during the study period (I — on the territory of the Kharabalinsky district,
Il — on the territory of the Krasnoyarsk district) and annual precipitation amounts (llI)
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AHanM3 KNMMaTu4eckUX AaHHbIX NnoKasar, YTo Mrowaam OTKPbIThIX MECKOB MMEKT OOMbLLYHO
3aBMCUMOCTb OT BETPOBOMO pexuma (CurbHasi NONOXUTENbHAA KOPPensaums), Yem OT aTMOCHepHbIX
ocagkoB. B 2016-2019 . oTMeYeHO 3HaYNTENBHOE KONMYECTBO OCAAKOB NPW HMU3KOW NIoLaan OTKPbI-
TbIX NECKOB, HO MPY 3TMM HanborbLLEE KONMMYECTBO OCAAKOB 3a UCCIeayeMbIi Nepunog 3apermcTpmpo-
BaHoO B 2022 r. npy 0OHOM M3 CaMblX BbICOKMX NMoLaden oTKpPbITbIX NeckoB. [py aToM Heobxoammo
OTMETUTb, YTO 3HAYUTENBHOE COKpALLEHNE rofoBbIX CyMM OCaAKOB MOXET NMPUBECTU K CHUXKEHUIO (bun-
TOMAaCChl U YBEMNMYEHWIO NoLwaaen y4acTkoB OTKPbITOW NOYBbI, NOABEPXKEHHOM Aedonaumn.

Poct gonu nnowiazen neckos Ha Tepputopumn KpacHospcKoro pamoHa ceasaH ¢ hopMmnpoBsa-
HUEM KPYMHbIX MEeCYaHbIX MACCUBOB Ha HOro-BOCTOKE TEPPUTOPUM UCCREeaoBaHMsA B pesynbrate BeT-
pOBOro Bo3gencTeust (pucyHok 3). B kaxabl roa paccMatpyvBaemMoro nepvoga Kornm4yecTBO AHEW C
OTMEYEHHBbIMM AedNALMOHHO-0NACHLIMU CKOPOCTAMU BETPA Ha MeTeocTaHumu B Nn. [JocaHr (KpacHo-
APCKUIA parioH) NPeBbILLIANo KONMMYECTBO TakMx OTMETOK Ha MeTeocTaHUmm B I. Xapabanu B 2 1 6onee
pas, 4YTo oTpaXkaeTcsl B OOMNbLUMX NIOLWAASX NECKOB 30/I0BOIO MPOUCXOXKAEHMS U X Gonbluen guHa-
MUKe, T.K. MecYaHble MacCUBbI Ha TEPPUTOPMUN XapabanMHCKOro paroHa Yalle cocpeaoToveHbl Bonu-
31 CKOTOBOOYECKUX TOYEK M UMEIKOT MEHbLLYIO 3aBMCUMOCTb OT BETPOBOrO pexmma. HecmoTps Ha To,
YTO NNoLWanb KPYnHEeNLWMX Y4acTKOB, 3aHATLIX OTKPbITLIMW neckamu, BapbmpyeT ot 21 Tbic. ra oo 0,3
TbIC. ra B pasHble rogpl, O XapakTepe NPOCTPaHCTBEHHOIO pacrnpeaeneHns NeckoB CUrHanmanpyet
pons o6wekToB ¢ nnowaabto 6onee 1 000 ra: ecnu B 2020 . (rog ¢ HanbonbLUen NnoLaaspo OTKPbI-
TbIX MECKOB) UX Oons cocTaenseT 55% oT obuiel nnowaaun, NocTeneHHo NoHmwkasach (51% B 2021 u
32% B 2022 r.), To B 2023 1. 06bekTOB KpynHee 300 ra yxe He 3adMKCMPOBaHO. OTO O3HAYaEeT, YTO B
pesynerate BPEMEHHOMO MOKPLITUSA NecHaHbIX MacCMBOB Pa3fMyHbLIMU NCaMMOUTaMN U UHBIMU He-
NPUXOTNMBLIMW PACTEHNSIMU, Yallle BCEro, COPHbIMU B NacTOMLLHOM OTHOLLEHUN OOQHONETHUKaMK, U
AanbHenwero 3apactaHus 3HauMTenbHble MAOWaan CrroLHbIX MNEeCKOB 30f10BOM0 MPOUCXOXKAEHUS
pa3buBatoTcs Ha OTAENbHbLIE MACCHBbI.
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PucyHok 3 — lNMpocTpaHCTBEHHOE NOMOXEHNE MAacCUBOB OTKPbITbIX neckos B 2023 T.
(MuHMMmanbHasa nnowans) n B 2020 r. (MakcumarnsHas nnowagb)
Figure 3 — Spatial position of open sand massifs in 2023 (minimum area) and in 2020 (maximum area)
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B 2021-2023 rr. npoBOAMNUCH MONEBbLIE NCCNEOBaHUSA NSl HAa3eMHon BepudmKkauum pe-
3ynbTaToB AeLM@PUPOBaHMA MaTepuanoB CNyTHUKOBOW CbEMKM — CMEKTPOPaANOMETPUPOBaHMNE
OTKPbITbIX M 3apOCLUMX NECKOB ANsl CO30aHWUsl 3TANOHOB CMEKTParibHbIX XapakTepPUCTUK, YTOUYHEe-
HWEe rpaHuL, necyaHblXx MaccuBoB M 0bcnegoBaHME 3acbiMaHHbIX NECKaMU COPOBbLIX MOHVKEHUN,
doTohmkcaumsa nocrnencTemi NbinbHbIX Oypb, @ Takke onpeneneHne BUMOOBOrO COCTaBa pacTu-
TENbHOCTU Ha neckax. Pesynbrathl akcneguumi nokasanu, YTo BepHasi ngeHTudpmkaumsa oTkpbl-

ThIX MECKOB NpW BU3yanbHOM AelumdpupoBaHmm npeebiwaet 95%.

3akntouveHue. Beero 3a neprog 2014-2023 r. no pesynsratam gelwngpupoBaHus BbisiBNeHo bonee
520 TbIC. ra OTKPbITbIX MECKOB; MakcumanbHas nnowage 3apernctpmposaHa B 2020 r. (89,8 Tbic. ra), MUHK-
ManbHas — B 2023 r. (14,8 TbIC. ra). B TeueHne gekagpl Tpwkabl Habnoganocb 3HavynMTeNbHOE N3MEHEHne
nnowagen — cnag B 2,5 pasa B 2016 r., pe3koe yBennyeHue 6onee 4yem B 5 pa3 B 2020 I. 1 eLle ogHO CHU-
XeHune B 6 pa3 B 2023 r. [NMpoBeaeHHbIN aHanm3 KNMMaTUYeCckUX JaHHbIX MO3BONUIT BbISBUTbL CUSTbHYIO 3aBU-
cumocTb (r = 0,7) gewmndprpyembix nrnowanen OTKPbITbIX NECKOB OT BETPOBOrO PEXMMA Ha TeppuTopuu
uccrneaoBaHusl, Torga kak 3HauMOoN 3aBUCUMOCTM OT rO40BbLIX CYMM OCaKOB BbISIBIEHO He 6bino.

Mony4yeHHble pesynbraTtbl MOryT GbITb UCMONb30BaHbl Npu 6onee yrnybneHHoOM n3ydYeHun B3anmmo-
CBA3e KnumaTuyeckmx akTopoB U NPOLECCOB OMYCTbIHMBaHWSA, a Takke Npy NnaHnpoBaHuy puTomenmno-
paTUBHbIX MEPOMPUSATUIA B PETUOHE.

Conclusions. In total, over the period 2014-2023, according to the results of decryption, more than
520 thousand hectares of open sands were identified; the maximum area was registered in 2020 (89.8
thousand hectares), the minimum — in 2023 (14.8 thousand hectares). During the decade, a significant
change in the area was observed three times — a decline of 2.5 times in 2016, a sharp increase of more
than 5 times in 2020 and another decrease of 6 times in 2023. The analysis of climatic data revealed a
strong dependence (r = 0.7) of the deciphered areas of open sands on the wind regime in the study area,
while no significant dependence on the annual precipitation amounts was revealed.

The results obtained can be used in a more in-depth study of the interrelationships of climatic fac-
tors and desertification processes, as well as in the planning of land reclamation activities in the region.
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Summary
The article presents the results of calculating the correlation between climatic factors and the dynamics of
desertification. The data indicates an inverse and moderately strong correlation of -0.61. This means that as
the GTK coefficient decreases, desertification area tends to increase. Conversely, during 2016 and 2019
when the GTK coefficient increased, there was a decrease in desertification area.

Abstract
Introduction. Desertification is one of the main environmental problems in the south of Russia. To success-
fully combat desertification, it is required to identify all possible factors that affect the dynamics of land des-
ertification. The article presents data on changes in the area of desertification, a study was conducted to
identify the correlation between climate data and the area of desertification. Object. territory of the Terek-
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